Background. Studies conducted in Europe and the USA have shown that co-morbidity between major depressive disorder (MDD) and anxiety disorders is associated with various MDD-related features, including clinical symptoms, degree of familial aggregation and socio-economic status. However, few studies have investigated whether these patterns of association vary across different co-morbid anxiety disorders. Here, using a large cohort of Chinese women with recurrent MDD, we examine the prevalence and associated clinical features of co-morbid anxiety disorders.
Introduction
A large number of studies agree that anxiety disorders occur in patients with major depressive disorder (MDD) far more frequently than expected by chance (Kessler et al. 1996 ; Gorwood, 2004) . In fact, in clinical settings, more than half of MDD patients have comorbid anxiety disorders (Zimmerman & Chelminski, 2003) . Furthermore, a number of clinical features characterize MDD patients with co-morbid anxiety. Typically, their depressive disorder is more severe, with more episodes, earlier onset age, greater suicidal risk and poorer treatment response ; they have a lower social competence (Cerdá et al. 2010) ; and they are more likely to have a family history of MDD (Clayton et al. 1991 ; Kendler et al. 1992) .
A number of explanations have been put forward to explain this co-morbidity. In part, it appears to arise from a shared genetic propensity to both anxiety and depression : multivariate twin modeling has identified a common genetic factor contributing to internalizing disorders, including MDD, generalized anxiety disorder (GAD) and phobias (Kendler et al. 2003) . However, a common genetic origin is clearly not the whole explanation. Genetic studies themselves indicate that there are some genetic factors that act specifically on anxiety and MDD (Kendler et al. 2003) . They also show that the genetic factors explain only part of the co-occurrence of illnesses. We know that non-shared environment explains almost all the covariance between MDD and agoraphobia and more than 40 % between MDD and GAD for female twins (Cerdá et al. 2010) . Our understanding of the nongenetic factors that drive co-morbidity is still very limited. The responsible environmental factors remain to be identified but it has been shown that low socioeconomic status in childhood and adult unemployment distinguishes the MDD GAD co-morbid group from the MDD-only group (Cerdá et al. 2010) .
Studies that investigate the prevalence and features of MDD associated with co-morbid anxiety typically examine the relationship between MDD and a single anxiety disorder (such as GAD or panic disorder) (Garvey et al. 1987 ; Reich et al. 1993 ; Grunhaus et al. 1994 ; Maier et al. 1995 ; Kessler et al. 1998 Kessler et al. , 1999 Gorwood, 2004 ; Kendler et al. 2007) . A few studies (Pini et al. 1997 ; Fava et al. 2000 ; Lamers et al. 2011) report that there are differences in the prevalence rates of co-morbid anxiety disorders, but rarely distinguish or control for different co-morbid anxiety disorders when testing for association with MDD-related features (Kessler et al. 2003 ; Fava et al. 2004 ; Rhebergen et al. 2011) . This leaves open an important question : is there similarity in the clinical features of patients with MDD with different co-morbid anxiety disorders ?
One possibility is that co-morbidity arises from separate and independent associations with each anxiety disorder, as reflected in the pattern of associations with symptoms, severity indices and risk factors. The alternative is that co-morbidity reflects a common mechanism among all anxiety disorders.
In this article, we examine co-morbid anxiety in a large cohort of female Han Chinese recruited through clinical settings and diagnosed with recurrent MDD using a structured clinical interview. We set out to determine first whether co-morbidity between anxiety and depression was similar in China to that observed elsewhere in the world. Our information about comorbid anxiety disorders, and the attendant clinical pattern, is currently derived almost exclusively from studies of European and US populations. To our knowledge, no one has examined whether the same pattern of co-morbidity holds true for MDD in China. Second, we asked how similar were the clinical features of MDD patients with different anxiety disorders, by comparing differences in association between clinical features of MDD and different comorbid anxiety disorders. Distinguishing the clinical features of different types of anxiety disorders helps us to identify risk factors that are associated with each anxiety disorder specifically, which may in turn alter the ways patients with MDD who have comorbid anxiety disorders are assessed and the treatments they are offered.
Study subjects
Data for the present study were drawn from the ongoing China, Oxford and VCU Experimental Research on Genetic Epidemiology (CONVERGE) study of MDD. The analysis was based on a total of 1970 cases recruited from 51 mental health centers and psychiatric departments of general medical hospitals in 40 cities in 21 provinces.
The project utilized samples collected for a genomewide association study of MDD. Given evidence that the genetic effects on MDD are different between men and women (Kendler et al. 2001) , in order to control for this known genetic heterogeneity, we collected female participants only with four Han Chinese grandparents. Cases were excluded if they had a preexisting history of bipolar disorder, any type of psychosis or mental retardation. Cases were aged between 30 and 60 years, had two or more episodes of MDD with the first episode occurring between the ages of 14 and 50 years, and had not abused drugs or alcohol before their first episode.
All subjects were interviewed using a computerized assessment system, which lasted on average 2 h. All interviewers, who were postgraduate medical students, junior psychiatrists or senior nurses, were trained by the CONVERGE team for a minimum of 1 week. The interview includes assessment of psychopathology, demographic and personal characteristics, and psychosocial functioning. Interviews were tape-recorded and a proportion of them were listened to by the trained editors, who provided feedback on their quality. The study protocol was approved centrally by the Ethical Review Board of Oxford University and the ethics committee in participating hospitals in China.
Measures
The diagnoses of depressive (dysthymia and MDD) and anxiety disorders (GAD, panic disorder with or without agoraphobia) were established with the Composite International Diagnostic Interview (World Health Organization lifetime version 2.1 ; Chinese version), which classifies diagnoses according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) criteria. The interview was originally translated into Mandarin by a team of psychiatrists in Shanghai Mental Health Center, with the translation reviewed and modified by members of the CONVERGE team. Phobias, divided into five subtypes (animal, situational, social and blood-injury, and agoraphobia), were diagnosed using an adaptation of DSM-IV criterion D (APA, 1994) requiring one or more unreasonable fears, including fears of different animals, social phobia and agoraphobia, that objectively interfered with the respondents' life or resulted in severe anxiety when exposed to the phobic stimulus. The section on the assessment of phobias was translated by the CONVERGE team from the interview used in the Virginia Adult Twin Study of Psychiatric and Substance Use Disorders (VATSPUD) (Kendler & Prescott, 2006) . The history of lifetime major depression in the parents and siblings was assessed using the Family History Research Diagnostic criteria (Endicott et al. 1975) . Neuroticism was measured with the 23-item Eysenck Personality Questionnaire (Eysenck & Eysenck, 1975) .
All interview sections were fully computerized into a bilingual system of Mandarin and English developed in-house in Oxford, UK, called SysQ (a selfadministered interview system). Skip patterns were built into SysQ. Interviews were administered by trained interviewers and entered offline in real time onto SysQ, which was installed in laptop computers. Once an interview was completed, a backup file containing all the previously entered interview data could be generated with a database-compatible format. The backup file together with an audio record of the entire interview was uploaded to a designated server currently maintained in Beijing by a service provider. All the uploaded files in the Beijing server were then transferred to an Oxford server quarterly.
The diagnoses of MDD were based on information collected in the medical records and DSM-IV symptoms during the worst episode. Symptoms information collected for the diagnoses of co-morbid disorders of MDD was for lifetime.
Statistical methods : generalized linear regression model choosing, analysis of variance (ANOVA)
In order to test whether co-morbid anxiety disorders significantly predict various MDD features, including family history, age of onset, number of episodes, number of DSM-IV diagnostic criteria, suicidal attempt and neuroticism score, generalized linear models (GLMs) with different link functions were chosen for modeling different types of dependent variables controlling for age. Data for the age of onset were tested for normality and modeled with linear regression, and results represented as the standardized parameter estimate (b). Suicidal attempt was modeled with logistic regression and results represented as odds ratios (ORs). The family history variable, represented by the total number of firstdegree family members among the two parents and all the siblings with a history of MDD, could be considered as a series of Bernoulli trials with a finite number of trials in statistical terms ; hence binomial regression was used for modeling the association, weighted against the total number of family members for each subject. The same reason and choice were applied to variables such as the number of DSM-IV diagnostic criteria and the neuroticism score, which could also be considered as a finite number of Bernoulli trials. Poisson regression was chosen to model the number of episodes data, as it is considered to be count data with an upper limit of 96 (denoting 96 or more) being removed. Since binomial and Poisson regressions model the natural logarithms of the count and the event rate, respectively, results are represented by count ratio (CR) and rate ratio (RR), both calculated by exponentiating the regression coefficients. The statistical tests were implemented using R (R Development Core Team, 2011), which allows the specification of quasibinomial and quasipoisson link functions. They differ from binomial and Poisson functions only in that the dispersion parameter is not fixed at 1 ; in other words, over-dispersion is included in the model, which controls for the over-reporting of false-positive results.
In addition to calculating the individual effects of the seven co-morbid anxieties, the method of Analysis of Deviance for GLM Fits (ANOVA) was used to examine whether the anxiety regression coefficients in the multiple GLMs were homogeneous or heterogeneous in predicting each of the MDD features. Two GLM objects were specified in ANOVA ; one with a derived independent variable which is calculated as the sum of all seven anxiety diagnostic status, nested by another containing all the seven co-morbid anxiety diagnoses as additive independent variables. The result gives a table with a row for the residual degrees of freedom and deviance for each model. Test statistics could be specified in ANOVA, comparing the reduction in deviance for the row to the residuals. For models with dispersion estimated by moments, such as Gaussian, quasibinomial and quasipoisson fits, the F test is considered to be the most appropriate.
Results
The lifetime prevalence rate in our sample of women with recurrent MDD for any of the seven co-morbid anxiety disorders was 60.2 %. The rates of the individual anxiety disorders in our cohort were 26.4 % for GAD, 10.1 % for panic disorder, 15.0 % for agoraphobia, 14.3 % for social phobia, 28.0 % for animal phobia, 20.3 % for situational phobia, and 21.7 % for blood-injury phobia.
The mean number of co-morbid anxiety disorders among the MDD patients was 1.35 (S.D.=1.56). Among the 1136 MDD (59.8 %) patients who had at least one of the seven co-morbid anxiety disorders, 59.3 % patients had two or more co-morbid anxiety disorders. Of the seven anxiety disorders, there are 128 possible combinations of what a patient might or might not have. Table 1 contains the top 13 combinations including the 40.2 % of MDD patients without any of the seven comorbid anxiety disorders, 16.2 % with GAD only, 8.8 % with animal phobia only, and 5.1 % with blood-injury phobia only, etc. The top 12 combinations (excluding the non-anxious group) accounted for 54.1 % of all the MDD cases with co-morbid anxiety disorders. Because so many patients had more than one condition, we used a multiple regression model in order to tease apart individual effects.
We looked at the relationship between clinical features of MDD and the seven anxiety disorders, attempting to identify those that were shared between disorders or were disorder-specific. Tables 2 and 3 contain the summary statistics of the variables included in the regression analysis. We first tested the effect of each disorder separately. Then we combined all disorders into one model to test for their joint effect on each MDD feature.
We found significant effects for each disorder when tested separately, as well as combining the seven diagnoses into one variable -any type of anxiety disorder (Table 4) . Results for jointly testing disorders are more complex and are shown in Table 5 . Panic and social phobia independently significantly predicted an increased family history of MDD, with social phobia showing the highest effect (CR 1.52, p=5.58r10 x4 ), controlling for the additive effects of the other comorbid anxiety disorders. GAD with one or more ) significantly predicted higher number of MDD episodes. Panic and GAD independently significantly predicted higher numbers of positive DSM-IV diagnostic criteria, with GAD (CR 1.70, p=3.62r10 x8 ) showing the largest and most significant effect. GAD and blood-injury phobia were significantly associated with the probability of a suicide attempt, with GAD predicting higher probability (OR 1.38, p=9.95r10 x3 ), and blood-injury phobia predicting lower probability (OR 0.66, p=9.35r10 x3 ).
All anxiety disorders independently and significantly predicted a higher neuroticism score, with GAD (CR 1.69, p=7.42r10 x22 ) showing the highest effect.
We looked for common patterns in the way that anxiety disorders made an impact on the clinical features of MDD. Our hypothesis was that we would find some clinical features on which one or more anxiety disorder had similar impacts, as assessed by the equivalence of their regression coefficients. We applied a global heterogeneity test for the multiple regression coefficients. The results showed that coefficients of the seven co-morbid anxiety disorders were homogeneous with respect to their association with family history, age of onset and the number of episode data. However, they were heterogeneous with respect to their association with the number of DSM-IV diagnostic criteria (F=3.48, p=1.99r10 x3 ), suicidal attempt (F=2.79, p=1.02r10 x2 ) and neuroticism score (F=5.72, p=6.64r10 x6 ) (Table 6 ). When the diagnoses of all seven co-morbid anxiety disorders were included in a multiple regression model, controlling for each other's additive effects, the ones that were significant when tested for association with various MDD features were different, such that only GAD predicted earlier MDD onset, whereas only animal phobia predicted more episodes of MDD. Results from global heterogeneity tests also indicated that MDD patients with different co-morbid anxiety disorders manifested different clinical features.
Discussion
Our work establishes two important findings : first, in China co-morbidity between MDD and anxiety disorders is similar to that reported in the West ; second, there is important heterogeneity in the association between anxiety disorders and some clinical features of MDD. We discuss these two points below. The lifetime prevalence rate for any type of comorbid anxiety disorder among MDD patients recruited through clinical settings is 60.2 %. This is higher than the 50.6 % lifetime rate reported in the Depression Research Program with patients recruited through clinical settings (Fava et al. 2000) , and lower than the 75 % lifetime rate reported in the Netherlands Study of Depression and Anxiety (NESDA) with patients mostly recruited through primary care (54 %) and specialized mental health settings (27 %) (Lamers et al. 2011) . Additionally, the reported lifetime co-morbidity rates for panic disorder among MDD patients in a cross-national epidemiological survey study are 10.7 % in the USA, 16.2 % in West Germany, 17 % in Korea and 5.9 % in Taiwan (Weissman et al. 1996) . The figure in Taiwan is lower than the 10.1 % reported in our study. Different sampling frames and disorder diagnostic criteria should be taken into consideration when comparing these figures ; for example, our study recruited patients with recurrent MDD through clinical settings while the cross-national epidemiological survey studied community samples.
Despite the sampling differences, we found that the clinical features of co-morbidity are generally consistent in China with those reported elsewhere in the world : co-morbidity is associated with increased MDD severity and chronic course, suicidal attempts, higher rates of neuroticism, and increased familial aggregation (Coryell et al. 1992 ; Kessler et al. 1998 Kessler et al. , 2003 Fava et al. 2000 Fava et al. , 2004 Sareen et al. 2005 ; Bolton et al. 2008 ; Hettema, 2008 ; Howland et al. 2009 ; Lamers et al. 2011) . The similarity we observed between comorbidity in China and the rest of the world encourages us to believe that our other findings will be applicable elsewhere. The diagnoses of MDD and comorbid anxiety disorders in our sample are lifetime. In a large clinical study, the current co-morbidity rate of any anxiety disorder was found to be 64 % among current MDD patients, whereas the co-morbidity rate of lifetime diagnoses was 95 % ). Hence we expect a large proportion of our patients with lifetime co-morbidity also would have had concurrent co-morbidity. However, this cannot be proved with our data.
Our second important finding concerns the heterogeneity of co-morbid anxiety disorders. Our large data set allowed us to ask whether co-morbidity between MDD and one anxiety disorder is the same as comorbidity between MDD and other anxiety disorders : for example, whether patients with co-morbid GAD look more or less similar in their clinical presentation and known risk factors for MDD to patients with comorbid social phobia. Our results indicate that there is considerable heterogeneity, and that when we talk of co-morbid anxiety it would be best to mean by this distinct co-morbidities with specific anxiety disorders rather than generic co-morbidity across all the anxiety disorders.
Significant heterogeneity was observed for three of the six MDD features that were tested for association with co-morbid anxiety disorders. They are (i) the number of MDD diagnostic criteria, (ii) suicidal attempt and, (iii) neuroticism measure. When controlling for the effects of all seven co-morbid anxiety disorders, we found that GAD predicts earlier onset and a higher number of DSM-IV criteria ; panic disorder predicts higher number of DSM-IV criteria ; animal phobia predicts higher number of episodes. There are conflicting results about whether co-morbid anxiety disorders are risk factors for suicide attempt among MDD patients (Roy, 1993 ; Sareen et al. 2005 ; Claassen et al. 2007 ; Bolton et al. 2008 ; Brown et al. 2010 ; Perroud et al. 2010) . Our findings suggest that some co-morbid anxiety disorders (i.e. GAD) increase the risk for suicidal attempt, whereas others (i.e. blood-injury phobia) may be protective perhaps because the disorder is associated with a fear of death. Hence, treating all types of anxiety disorder together when testing for association with suicidal attempt might counterbalance the opposite effects, resulting in insignificant findings. Studies examining the relationship between co-morbid panic disorder and suicidal attempt show that either panic disorder increases the risk for suicidal attempt (Claassen et al. 2007) or the association is insignificant (Placidi et al. 2000) . Our results disagree with most previous findings in suggesting that co-morbid panic disorder is protective against suicidal attempt. However, if we apply a conservative correction for multiple testing then this observation becomes non-significant, so only further study of this question will determine if this finding in Chinese women represents a true or false-positive result. Neuroticism showed the clearest pattern of heterogeneity : the test of heterogeneity gave the most significant of all results (p=6.64r10 x6 ).
We hypothesize that examining anxiety disorders as a single class hides important heterogeneity in their association with MDD. Heterogeneity is likely to be due to two factors : (i) opposite effects among different anxiety disorders ; and (ii) individual effects of different anxiety disorders. Evidence for the former comes from results on suicidal attempt. While we found that all seven co-morbid anxiety disorders were significantly associated with suicidal attempt when tested separately, the direction of the effect differs : some anxiety disorders increase the occurrence of suicide attempts (GAD), while others (panic and blood-injury phobia) are protective (even when controlling for all the other co-morbid anxiety disorders).
Evidence for the latter comes from results on the number of DSM-IV diagnostic criteria and neuroticism. One important source for heterogeneity lies in differing genetic susceptibilities to each co-morbid condition. Thus, while we know that there is a common genetic predisposition to MDD and anxiety (Bienvenu et al. 2001 ; Khan et al. 2005 ; Middeldorp et al. 2005 ; Kendler et al. 2007 ; Spinhoven et al. 2009 ; Rhebergen et al. 2011) , we also know that there are some unique genetic effects on anxiety disorders. For example, some genetic effects are shared between neuroticism and anxiety disorders ; others are unique.
The pattern of what is shared and what is common is specific to each condition.
The findings from the study have implications for the recognition, diagnosis and possibly treatment of MDD patients with different co-morbid anxiety disorders. For instance, the presence of GAD should alert doctors that the MDD patient is likely to be of a more severe kind, indicated by earlier onset and more symptom criteria, with suicidal ideation. Hence intervention could be applied at an earlier stage to prevent more negative outcomes.
Limitations
The reported results should be interpreted in the context of five potential limitations.
First, we only studied female patients and the relevance of our results to male patients is unknown. Second, the criteria used for the diagnoses of comorbid disorders of MDD were lifetime ; hence the diagnoses of the seven anxiety disorders might not be co-morbid as in they might not have occurred concurrently with the worst episode of MDD. Third, patients were recruited through clinical settings ; hence representativeness of our findings to the general population in China and the rest of the world is unknown. Fourth, cases recruited in the study were patients with at least two episodes of MDD ; hence when co-morbid anxieties were tested for association with the number of episodes data, the effects and significance of effects were likely to be reduced compared with samples that only fulfilled the clinical diagnoses of MDD without the additional recruitment criteria. This might also have implications for the results of the global heterogeneity test for multiple regression coefficients. Fifth, our study differs from traditional family studies of anxiety disorders which involve the personal interview of first-degree family members (Crowe et al. 1983 ; Fyer et al. 1990 ; Brown et al. 1993 ; Weissman et al. 1993) . Given the size of our study, it was only feasible to collect family history information from the patient about first-degree family members. An extensive literature on the family history method indicates that, in general, it has low sensitivity but high specificity (Andreasen et al. 1977 (Andreasen et al. , 1986 Roy et al. 1996) , although some evidence for bias has been detected (Kendler et al. 1991) . Furthermore, due to the design of our study, we do not have patients with anxiety but without MDD ; hence we cannot fully test the transmission of MDD and the anxiety disorders.
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